High prices of traditional feed ingredients (i.e., corn and soybean meal) results in increased demand for alternative, high-fiber ingredients such as distillers' dried grains with solubles (DDGS) and wheat middlings (WM) in swine diets. Corn DDGS is a coproduct of ethanol production and is a good source of energy, digestible AA, and digestible P for growing-finishing pigs. However, DDGS sources typically contain less NE than corn (NRC, 2012) . Researchers (Graham et al., 2014; Wu et al., 2015) have shown that NE content may be further reduced due to the majority of U.S. ethanol plants using oil extraction technology to produce ABSTRACT: This experiment evaluated the effects of feeding distillers' dried grains with solubles (DDGS) and wheat middlings (WM) in diets with similar estimated NE content on growth performance and carcass characteristics of growing-finishing pigs. Pigs (n = 384; 29.1 ± 3.6 kg initial BW) were blocked by initial BW, and within blocks, pens were randomly allotted to 1 of 4 dietary treatments (8 pigs/pen and 12 replicates/ treatment) in a 4-phase feeding program (29 to 50, 50 to 75, 75 to 100, and 100 to 120 kg BW). Dietary treatments were arranged in a 2 × 2 factorial design and formulated to consist of: 1) corn and soybean meal (CON), 2) CON with 30% DDGS, 3) CON with 15% WM, and 4) CON with 30% DDGS and 15% WM. Diets met or exceeded nutrient requirements published by the NRC (2012) and were formulated to contain the same concentrations of standardized ileal digestible (SID) Lys and meet or exceed minimum SID AA to Lys ratios within phases. No significant interactions for DDGS × WM × phase or DDGS × WM were observed for all growth performance criteria. Pigs fed diets containing 30% DDGS had reduced (P < 0.05) ADFI (1.76 vs. 1.86 kg/d) and ADG (0.85 vs. 0.91 kg/d) compared with pigs fed diets with no DDGS in phase 1 but not in other phases. The G:F of pigs fed diets containing DDGS was not different during phase 1 to 3 but was greater (P < 0.01) in phase 4 (0.313 vs. 0.291) compared with that of pigs fed diets with no DDGS. Pigs fed diets containing 15% WM had similar ADFI and G:F but reduced (P < 0.05) ADG (0.86 vs. 0.90 kg/d) compared with pigs fed diets without WM in phase 1, but no difference in ADG was observed in phases 2 to 4. No DDGS × WM interaction was observed for carcass traits. Pigs fed diets containing 30% DDGS had reduced (P < 0.01) HCW (86.5 vs. 89.9 kg), carcass yield (72.3 vs. 73.6%), LM area (45.0 vs. 47.9 cm 2 ), and percentage of carcass fat-free lean (52.1 vs. 53.4%), but backfat depth was not affected compared with pigs fed diets with no DDGS. Pigs fed diets containing 15% WM had lower carcass yield (72.7 vs. 73.1%; P < 0.05) and HCW (87.7 vs. 88.7 kg; P < 0.10) than pigs fed diets with no addition of WM, but other carcass traits were not affected. In conclusion, overall ADG and G:F were not affected by feeding 30% DDGS or 15% WM when diets were formulated on the NE basis, but more accurate and dynamic estimation of NE content for DDGS sources is needed to optimize caloric efficiency at different physiological ages of pigs.
INTRODUCTION
reduced-oil DDGS. Wheat middlings is a coproduct of the flour milling industry and consists of fine particles of wheat bran, wheat shorts, wheat germ, wheat flour, and the "tail of the milling" (Erickson et al., 1985) . Similar to DDGS, WM has greater concentrations of CP and NDF but less NE content compared with corn.
Reductions in growth performance, HCW, and carcass yield have been reported when adding corn DDGS and/or WM to growing-finishing diets (Asmus et al., 2012; Salyer et al., 2012) . However, these negative responses may be the result of increased dietary fiber content and the use of the ME system as the basis for diet formulation. Use of the ME system tends to overestimate the energy value of high-fiber and high-protein ingredients such as DDGS and WM (Noblet and van Milgen, 2004) . In contrast, the NE system should provide better estimates of the energy requirements of pigs and energy value of feed ingredients than the ME system because NE accounts for the energy cost of metabolic utilization of nutrients and physical activities of pigs (Noblet and van Milgen, 2004) . Therefore, the objective of this study was to determine the effects of feeding DDGS and WM on the growth performance and carcass characteristics of growing-finishing pigs when diets were formulated on a NE basis.
MATERIALS AND METHODS
All experimental procedures in this study were approved by the University of Minnesota Institutional Animal Care and Use Committee.
Animals and Housing
Barrows (n = 384) were blocked by initial BW (29.1 ± 3.6 kg) and allotted to 12 blocks (4 pens/block and 8 pigs/ pen). Pigs were housed in an environmentally controlled grower-finisher facility at the University of Minnesota West Central Research and Outreach Center (Morris, MN). Each pen (1.60 by 4.5 m) consisted of completely slatted concrete floors and was equipped with a nipple waterer and 1 single-sided self-feeder with 4 eating spaces. Room temperature of the facility was maintained at about 20°C. Pigs were allowed ad libitum access to feed and water throughout the experiment. Pigs that showed signs of poor health were individually treated with appropriate medication or removed from the experiment.
Diets and Experimental Design
One lot of DDGS (POET LLC, Mitchell, SD) and 1 lot of WM (Gavilon LLC, Omaha, NE) were obtained for the entire experiment. Upon arrival, samples were collected from each lot for chemical analyses (Table 1) .
Corn and soybean meal were obtained in multiple lots from the same source. Analyzed nutrient composition of samples collected from the first lot was used to formulate diets throughout the experiment. Pens of pigs were randomly allotted to 1 of 4 dietary treatments (Tables 2  and 3 ) in a 4-phase feeding program (29 to 50, 50 to 75, 75 to 100, and 100 to 120 kg BW for phases 1 through 4, respectively). Phases were switched when the average BW of pigs in each pen reached the target starting BW ± 2.3 kg of the subsequent phase. Dietary treatments consisted of: 1) corn and soybean meal (CON), 2) CON with 30% DDGS, 3) CON with 15% WM, and 4) CON with 30% DDGS and 15% WM. Soybean oil was added to the diets containing DDGS and WM to match the dietary NE of the CON diet within each phase. The estimated NE value of DDGS (2,114 kcal/ kg, as-fed basis) was obtained using a prediction equation (NE, kcal/kg = -1,130 + (0.727 × GE) -(10.829 × NDF) + (23.861 × ether extract [EE] ); DM basis) developed from unpublished data from the University of Minnesota (St. Paul, MN). Recommended NE values from the NRC (2012) were used for corn (2,672 kcal/ kg, as-fed basis), soybean meal (2,087 kcal/kg, as-fed basis), WM (2,113 kcal/kg, as-fed basis), and soybean oil (7,545 kcal/kg, as-fed basis). Diets were balanced to contain similar standardized ileal digestible (SID) Lys to NE ratios across diets within phases and were formulated to meet or exceed the minimum SID AA to Lys ratios and standardized total tract digestible (STTD) P content published by the NRC (2012). Coefficients of AA digestibility for DDGS sources were obtained from equations reported by Almeida et al. (2013) based on analyzed AA composition. Coefficients for SID AA and STTD P for WM, corn, and soybean meal as well as the coefficient for STTD P of DDGS were obtained from the NRC (2012). All diets met or exceeded the nutrient requirements of growing-finishing pigs predicted by the NRC (2012) model. Prediction of nutrient requirements was based on inputs of growth performance (initial BW = 39 kg, final BW = 123 kg, and overall ADFI = 2.72 kg/d) and lean growth rate (142 g/d) of pigs fed corn-soybean meal diets in a similar experiment (Wu et al., 2014) conducted in the same facilities with the same genetic line of pigs. Body weight of individual pigs and feed disappearance in each pen were measured every other week to calculate ADG, ADFI, and G:F. Feed samples were obtained and frozen (-20°C) when each batch of feed was mixed, and 4 samples of each treatment (1 sample from each of the 4 phases; 16 samples total) were randomly selected for analysis of nutrient composition.
Carcass Measurements
When the average BW of pigs reached 120 kg, backfat (BF) depth and LM area (LMA) were measured between the 10th and 11th ribs using an ALOKA 500V real-time ultrasound machine (Corometrics Medical Systems, Wallingford, CT) by a certified technician. Pigs were divided into 2 groups (pigs from blocks 1 to 6 with the greatest initial BW were in group 1, and pigs from blocks 7 to 12 with the lowest initial BW were in group 2) and harvested at 2 separate times that were 7 d apart. For each harvest group, after ultrasound measurements were obtained, final BW was determined, and pigs were individually tattooed and transported to a commercial abattoir (Hormel Foods, Austin, MN). Hot carcass weight was recorded at harvest and was used to calculate carcass yield using carcass yield, % = HCW/final BW × 100. Percentage of carcass fat-free lean (FFL%) was calculated using FFL% = {[2.620 + (0.456 × sex of pig) -(3.358 × 10th rib BF depth, cm) + (0.306 × 10th rib LMA, cm 2 ) + (0.401 × HCW, kg)]/HCW, kg} × 100, where sex of pig is defined as barrow = 1 and gilt = 2 (NPPC, 2000) .
Chemical Analysis
One sample each of DDGS, WM, corn, and soybean meal and 16 samples of complete diets were analyzed for nutrient composition at the Agricultural Experiment Station Chemical Laboratory (Columbia, MO). Standard procedures from the AOAC International (2006) were followed for analysis of moisture (method 934.01), CP (method 990.03), EE (method 920.39), ADF (method 973.18), NDF (Holst, 1973) , Ca and P (method 985.01), complete AA profile (method 982.30 E (a, b, c)), and starch (AACC International, 1995; approved method number 76-13). Bulk densities of 16 samples of complete diets were analyzed in triplicate at the University of Minnesota Swine Nutrition Laboratory (St. Paul, MN; Table 4 ).
Statistical Analysis
All statistical analyses were conducted using the MIXED procedure (SAS Inst. Inc., Cary, NC) with a 2 × 2 factorial arrangement of treatments within a randomized complete block design. Pen served as the experimental unit for all data analyses. Growth performance data of each phase were analyzed using a statistical model that included fixed effects of DDGS × WM × phase, DDGS × WM, DDGS × phase, WM × phase, DDGS, and WM (full model), with block as a random effect and repeated measures for phases. For analysis of ADFI, ADG, and G:F, the full statistical model was simplified by removing the DDGS × WM × phase interaction if it was not significant (P > 0.10), and the degrees of freedom of nonsignificant interactions were pooled to test the remaining fixed effects. Body weights were analyzed using the full model. For analysis of carcass characteristics, the statistical model included the fixed effects of DDGS × WM, DDGS, and WM, with block as a random effect. Final BW was used as a covariate for BF depth, LMA, and FFL% if the effect of the covariate was significant (P < 0.05). Means are reported as least squares means and were separated by the PDIFF option with a Tukey-Kramer adjustment. The significance level was set at P < 0.05, and trends are reported when 0.05 < P < 0.10.
RESULTS AND DISCUSSION

Growth Performance
During the feeding period, 11 pigs (3, 4, 2, and 2 pigs from the CON, 30% DDGS, 15% WM, and 30% DDGS + 15% WM treatments, respectively) were removed from the study due to poor health or death.
Numerous studies have been conducted to evaluate the effects of feeding DDGS and WM on growth performance of growing-finishing pigs. Stein and Shurson (2009) reviewed more than 23 published studies and suggested that acceptable growth performance was maintained in most, but not all, experiments where up to 30% DDGS was added to diets. In contrast, feeding diets containing as little as 10% WM often resulted in decreased ADG and G:F in growing-finishing pigs (Feoli et al., 2006; Asmus et al., 2012; Salyer et al., 2012) . However, these reported reductions in growth performance are likely due to using the ME system when formulating DDGS and WM diets. The ME system does not account for energy losses from heat increment and, consequently, tends to overestimate the available energy content of high-fiber feed ingredients (Noblet and van Milgen, 2004) . Therefore, we hypothesized that using the NE system, which better represents the actual feed energy value and energy requirements of pigs, as the basis for diet formulation will reduce some of the negative effects observed in previous studies when adding DDGS and WM to growing-finishing diets.
In the present study, the interaction of DDGS × WM × phase was not significant for ADFI, ADG, and G:F and, therefore, was removed from the statistical model (Table 5 ). In the simplified model, there was no significant DDGS × WM interaction for ADFI. Overall ADFI of pigs fed the CON treatment was greater (P < 0.05) than that of pigs fed the 30% DDGS + 15% WM treatment but was not different from those fed the 30% DDGS or 15% WM treatments (Table 6) . No treatment differences in overall ADFI were observed among pigs fed the 15% WM diet, the 30% DDGS diet, and the 30% DDGS + 15% WM diet. A significant interaction (P < 0.05) of DDGS × phase was observed, indicating that the effect of 30% dietary DDGS on ADFI varied over the feeding phases. In particular, feeding 30% DDGS decreased (P < 0.05) ADFI in phase 1 but not in phases 2 to 4 compared with feeding diets without addition of DDGS (Fig. 1) . This observation was consistent with previous experiments that reported a decrease in ADFI of pigs fed 40% DDGS in early feeding phases compared with pigs fed corn-soybean meal control diets (Hardman, 2013; Wu et al., 2015) . One possible reason for this observation is that increased bulkiness of dietary fiber in diets containing DDGS may limit the physical gut capacity of pigs, preventing them from achieving sufficient DM and, consequently, energy intake, which is often described as the "gut fill" effect. In addition, the ability of pigs to maintain feed intake when consuming fiber-rich diets is related to the physiological age of pigs (Kennelly and Aherne, 1980) , which may explain the unaffected ADFI observed for pigs fed diets containing DDGS in phases 2 to 4. The concentration of NDF in DDGS is about 3 times greater than in corn (Table 1) , resulting in increased dietary NDF concentration when DDGS is added to diets. As a consequence, the 30% DDGS diet (12.9% NDF) and the 30% DDGS + 15% WM diet (16.8% NDF) fed in phase 1 had decreased bulk densities compared with the CON diet (7.7% NDF; Table 4 ). Based on bulk density and ADFI in phase 1, pigs had an average volume of feed intake of 3.16 L/d for the CON diet, 3.69 L/d for the 15% WM diet, 3.21 L/d for the 30% DDGS diet, and 3.27 L/d for the 30% DDGS + 15% WM diet. Therefore, it appeared that pigs fed DDGS did not maintain a similar volume of feed intake compared with pigs fed WM, even though the bulk density of diets containing DDGS was greater than that of diets containing WM. Therefore, the "gut fill" effect can only partially explain the reduced ADFI of pigs fed DDGS in phase 1. Another possible explanation is the increased CP content in phase 1 diets containing DDGS compared with that in CON (Table 2) . Dietary CP in excess of AA requirements increases plasma urea concentration in growing-finishing pigs (Goerl et al., 1995; Chen et al., 1999) and, therefore, may affect feed intake. Chen et al. (1999) showed that feeding diets containing 4 STTD = standardized total tract digestible.
5 SID = standardized ileal digestible. Coefficients for AA digestibility were determined by equations from Almeida et al. (2013) for DDGS, and NRC (2012) recommended coefficients were used for corn, soybean meal (dehulled and solvent extracted), and wheat middlings.
22% CP (similar concentration of CP in DDGS diets fed in the current study) decreased ADFI of growing-finishing pigs by 8.1% (3.32 vs. 3.05 kg/d, respectively) compared with feeding diets containing 16% CP (similar concentration of CP in CON diets fed in the current study). In addition, in this experiment, pigs were fed a corn-soybean meal diet before consuming phase 1 experimental diets. It is therefore possible that the decreased ADFI was due to less palatability of diets containing DDGS. Hastad et al. (2005) showed that when given a choice, pigs prefer to consume a corn-soybean meal diet over a diet containing DDGS. Hilbrands et al. (2013) also reported a reduction in ADFI for pigs switched from a corn and soybean meal-based diet to a diet containing DDGS with low AA digestibility. All diets were formulated to contain a minimum Trp:Lys ratio of 17, which was based on the NRC (2012) model for growth performance of this source of pigs and was considered adequate. Kendall et al. (2014) reported that the true ileal digestible Trp:Lys ratio is at least 14.5 but not greater than 17 for 90-to 125-kg barrows. In the current study, the Trp:Lys ratio in the DDGS diets was slightly less than in diets containing no DDGS but approached a ratio of 17. It has been suggested that dietary Trp concentration positively affects the production of ghrelin (Zhang et al., 2007) , a blood orexigenic hormone, and is involved in regulating appetite in young pigs (Sève, 1999; Trevisi et al., 2009 ). However, the dietary Trp concentration and Trp:Lys ratio in the DDGS diets fed in this study appeared have been adequate and were not a contributing factor to the reduction in feed intake compared with non-DDGS diets. Our data suggest that the negative effect of feeding 30% DDGS on ADFI was limited in phase 1, whereas pigs were able to maintain adequate feed intake during phases 2 to 4. For the main effects of feeding DDGS, overall ADFI of pigs fed 30% DDGS (2.80 kg/d) was less (P < 0.01) than that of pigs fed diets with no addition of DDGS (2.88 kg/d), which has also been reported in other studies (Xu et al., 2010; Hardman, 2013; Graham et al., 2014) . No WM × phase interaction was observed for ADFI (Fig. 2) . 4 STTD = standardized total tract digestible.
5 SID = standardized ileal digestible. Coefficients for AA digestibility were determined by equations from Almeida et al. (2013) for DDGS, and NRC (2012) recommended coefficients were used for corn, soybean meal (dehulled and solvent extracted), and wheat middlings. Adding 15% WM to diets did not affect the overall ADFI (2.82 vs. 2.85 kg/d for pigs fed diets with and without WM, respectively). For ADG, pigs fed the 4 dietary treatments had similar overall ADG and final BW with no DDGS × WM interaction. However, there was an interaction (P < 0.01) between dietary DDGS and feeding phase for ADG. Pigs exhibited a lower (P < 0.01) ADG and ending BW in phase 1 when 30% DDGS was fed, but no differences were observed in phases 2 through 4 (Fig. 1) . This observation corresponded to the changes in ADFI and was in agreement with the findings from Hardman (2013) and Wu et al. (2015) . Likewise, the interaction of WM × phase for ADG (P < 0.01) followed the same pattern as that in the DDGS × phase interaction (Fig. 2) . In phase 1, pigs fed diets with addition of WM had reduced (P < 0.05) ADG compared with pigs fed diets without WM. However, overall ADG was not affected by adding 30% DDGS or 15% WM to diets (Table 6) .
Overall G:F of pigs fed the 4 dietary treatments was not different, and no interaction between DDGS and WM was observed. Pigs fed diets with or without addition of DDGS had similar G:F during phases 1 to 3, but this efficiency was improved (P < 0.01) in phase 4 when 30% DDGS were fed (DDGS × phase interaction, P < 0.01; Fig. 1 ). This observation suggests that the NE value (2,114 kcal/kg, as-fed basis) used for the DDGS source fed in this study was adequately predicted when used in the formulation of phase 1 to 3 diets but it was underestimated for pigs in phase 4. Increased gut capacity in the late finishing phase may have improved the pig's ability to digest and utilize energy from fiber through hindgut fermentation (Just et al., 1983; Noblet and Shi, 1994) . Therefore, the NE value of high-fiber ingredients would be expected to increase as the BW of pigs increases. This has been confirmed by Gutierrez et al. (2014) , who reported a greater NE value of a conventional high-oil (13% EE) DDGS source for finishing (87 to 119 kg BW) pigs compared with growing (21 to 42 kg BW) pigs (2,422 vs. 1,951 kcal/kg, as-fed basis, respectively). The NE value of DDGS (2,114 kcal/kg) used in present experiment is within the range reported by Gutierrez et al. (2014) . However, this NE value is slightly greater than that of a similar reduced-oil (5.6% EE) DDGS source measured by Wu et al. (2015; 1,924 kcal/kg) and is less than the reported value (2,343 kcal/ kg for DDGS with >6 and <9% oil) from the NRC (2012). These results indicate that NE content of DDGS varies widely among sources and that dynamic estimation of NE is needed to adjust NE content based on the stage of pig growth. For the effects of feeding WM, overall G:F was not affected and no WM × phase interaction was observed (Fig. 2) . This observation suggests that an appropriate NE estimate for WM was used in the diet formulation, assuming the NE values of corn, soybean meal, and soybean oil were accurately estimated by the NRC (2012). However, the NE concentration (2,113 kcal/kg) of WM used in this study is substantially greater than other published NE values determined by Pals and Ewan (1978; 910 kcal/kg) and Stewart et al. (2013;  987 kcal/kg) using comparative slaughter experiments. Further studies are needed to evaluate the variability of NE content among WM sources.
When diets containing DDGS or WM were formulated on a similar dietary ME basis, a reduction in ADG and/or G:F was often observed when compared with pigs fed corn and soybean meal-based control diets. Cromwell et al. (2011) observed a linear decrease in ADG in response to increasing dietary DDGS inclusion from 0 to 45%. Hardman (2013) also reported that overall ADG and ADFI were reduced linearly when 20 to 60% DDGS were added to diets. Likewise, Asmus et al. (2012) demonstrated that feeding 9.5 or 19% WM decreased ADG and G:F when diets were balanced for similar ME content. Similarly, a reduction in ADG and G:F was also reported by Salyer et al. (2012) when 10 or 20% WM were added to diets. In contrast, we did not observe significant treatment effects or main effects of feeding 30% DDGS or 15% WM on overall ADG and G:F when diets were formulated on a NE basis. According to the recommended ME and NE values from the NRC (2012), DDGS and WM have a markedly lower NE:ME ratio (0.68 and 0.71, respectively) than corn (0.79), indicating that the ME system is more likely to overestimate the energy value of DDGS and WM that is actually available for growth of pigs. Results from our study demonstrate that the negative effects of feeding DDGS and WM on ADG and G:F observed in the previous studies may be diminished by using the NE basis in diet formulation.
Carcass Composition
No significant interaction of DDGS × WM was observed for any carcass composition variables (Table 7) . Hot carcass weight and carcass yield were reduced (P < 0.01) when pigs were fed diets containing 30% DDGS. Feeding 15% WM decreased (P < 0.05) carcass yield and tended to reduce (P < 0.10) HCW compared with feeding diets without WM. Other studies have reported a reduction in HCW and yield with the addition of DDGS (Agyekum et al., 2012; Hardman, 2013; Graham et al., 2014) and WM (Salyer et al., 2012; Stewart et al., 2013) to growing-finishing diets. This is likely due to a greater gut fill and increased weight of viscera relative to BW of pigs fed high-fiber diets. Just (1982) reported that an increase of 0.34 kg in gut fill could be expected with every 1% increase in dietary crude fiber. In addition, feeding high-fiber diets stimulates the secretion of digestive fluids associated with fiber digestion and is responsible for increased gastrointestinal tract and visceral organ weights that are not included in carcass yield measurement (Pond et al., 1988; Agyekum et al., 2012; Stewart et al., 2013) . However, Stein and Shurson (2009) suggested that pigs fed up to 30% DDGS had unchanged carcass yield compared with pigs fed corn and soybean meal diets in 10 out of 18 reviewed studies. In addition, Cromwell et al. (2011) reported an unaffected carcass yield of pigs fed up to 45% DDGS. It is possible that the DDGS source fed in the current study had a greater concentration of NDF than sources fed in other studies where reductions in carcass yield were observed. No treatment differences were observed for BF depth, but feeding diets containing 30% DDGS decreased (P < 0.01) LMA and FFL%. We suspect that pigs fed diets containing DDGS may not have maintained sufficient AA intake for maximal lean tissue development during the early feeding phase. The ADFI of pigs fed DDGS was reduced in phase 1, when dietary and DDGS NE content were underestimated. Calculated SID Lys intake of pigs fed DDGS in phase 1 (17.8 g/d) was less than that of pigs fed diets with no addition of DDGS (18.8 g/d). However, SID Lys intake levels of diets with or without DDGS exceeded the NRC (2012) requirements estimated for this phase (17.1 g/d). Therefore, it is possible that the use of the predicted SID coefficient (77.6%) from Almeida et al. (2013) may have slightly overestimated the digestible Lys concentration in the reduced-oil DDGS source used in this study. Prediction equations developed by Almeida et al. (2013) were based on traditional high-oil (>9% acid hydrolyzed EE) DDGS sources. However, Curry et al. (2014) showed that SID of Lys (50.8 and 56.1%) in 2 low-oil DDGS was reduced compared with a conventional high-oil DDGS (62.2%). However, if SID Lys was slightly overestimated in the DDGS source used in this study, it did not affect overall ADG and G:F.
In summary, results from this study show that feeding 30% DDGS or 15% WM appears to limit ADFI and ADG of pigs in early growing phases, but this effect diminishes when pigs reach a BW greater than 55 kg. Feeding diets containing a high fiber content from DDGS and WM results in decreased carcass yield and HCW. Adding 30% DDGS in diets reduced LMA and FFL%, which is likely a consequence of overestimated AA digestibility for the DDGS source used. In addition, formulating diets on a NE basis minimizes the negative impact of feeding high-fiber diets on overall ADG and G:F. However, to further improve the caloric and nutritional efficiency of using DDGS in growing-finishing diets, the NE content of DDGS sources should be dynamically estimated according to the physiological age of pigs.
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